Purpose of the study To look at the association of central and peripheral skinfold thickness with parental history of diabetes in subjects without diabetes. Methods Subjects with no parental history of diabetes (n=1132), subjects with one parent with diabetes (n=271) and subjects with both parents with diabetes (n=51) were recruited from the Chennai Urban Rural Epidemiological Study (CURES) conducted between 2001 and 2003. Biceps, triceps, medial calf, mid-thigh, chest, abdomen, mid-axillary, suprailiac and subscapsular sites were measured with Lange skinfold callipers. Results Trunk fat measurements, such as chest ( p=0.020), mid-axillary ( p=0.005), suprailiac ( p=0.014), subscapsular ( p<0.001) and abdomen ( p=0.010) skinfolds, were highest in subjects with both parents with diabetes followed by those with one parent with diabetes, and lowest in those with no parental history of diabetes. However, the peripheral fat measurements, ie, biceps, triceps, medial calf and mid-thigh, were not significantly different between the study groups. Total truncal and peripheral fat skinfold thicknesses showed a significant positive association with other indices of obesity such as body mass index (BMI) and waist circumference in relation to trunk fat (BMI: r=0.748, p<0.001; waist: r=0.776, p<0.001) and peripheral fat (BMI: r=0.681, p<0.001; waist: r=0.569, p<0.001). Conclusions A significant association was observed between truncal and peripheral fat, assessed by skinfold thickness, and parental history of diabetes among subjects without diabetes in this urban South Indian population.
INTRODUCTION
Adiposity, which refers to the presence of increased adipose tissue, can cause adverse health outcomes by increasing the risk of type 2 diabetes and cardiovascular disease and other non-communicable diseases. 1 Also, the distribution of body fat has been known to exert a strong influence on the development of insulin resistance and type 2 diabetes. 2 Insulin resistance has been shown to be associated with the visceral fat depot of abdominal fat rather than subcutaneous fat. 3 Although the relative contribution of visceral and subcutaneous fat to the occurrence of type 2 diabetes is yet to be clarified, visceral fat is considered to be a stronger determinant of insulin resistance. 4 Body mass index (BMI) has been used most commonly as a surrogate measure of adiposity. 5 However, BMI does not provide information about the distribution of body fat, 6 and some studies have shown that it is an unreliable measure of body fat. 7 8 Although dual-energy X-ray absorptiometry (DEXA) is the most reliable and accurate way of measuring body fat mass, cost and logistics limit its use in large epidemiological studies. 9 Hence clinicians and researchers use other measurements such as waist circumference, waist-to-hip ratio 2 or skinfold thickness to measure body fat.
Skinfold thickness is widely used, as it measures fat in the subcutaneous region of the body, which accounts for about 40-60% of total body fat. 10 Skinfold thickness can be easily measured using handheld callipers, which are portable, inexpensive and non-invasive. It is a useful method of measuring body fat distribution in large epidemiological studies. 11 Skinfold thickness has been shown to have a good agreement with DEXA in providing estimates of body fat and is considered to be superior to bioelectrical impedance. 12 13 The association of skinfold thickness with diabetes was shown in a report that looked at the predictability of BMI, waist-to-hip ratio, and subscapular skinfold thickness for screening type 2 diabetes.
14 Some of the measurement sites for skinfold thickness are the biceps, triceps, chest, subscapsular, mid-axillary, suprailiac, abdomen and mid-thigh. Total trunk fat is calculated as the sum of chest, mid-axillary, suprailiac, subscapsular and abdomen skinfold thicknesses. Total peripheral fat thickness is calculated as the sum of biceps, triceps, medial calf and mid-thigh skinfold thicknesses.
Another major risk factor for type 2 diabetes is family history of diabetes, and the presence of a parental history of diabetes has been shown to be associated with impairments in insulin secretion and sensitivity. 15 Several studies have looked at the association between obesity and parental history of diabetes. However, there are few data on the association of fat distribution, measured by skinfold thickness, with parental history of diabetes, and none in Asian Indians.
Chennai Urban Rural Epidemiology Study (CURES) is a large cross-sectional study of representative samples of the whole of Chennai and surrounding villages. The study was started in 2001 with the objective of comparing the prevalence of type 2 diabetes and associated risk factors in an urban and rural South Indian population and also to assess the prevalence of diabetes-associated complications, particularly retinopathy and disorders such as glaucoma and cataract in patients with type 2 diabetes. Chennai is the largest city in Southern India and the fourth largest in India and has a population of 4.2 million. The whole of Chennai is divided into 10 zones and 155 wards, and, of these, 46 wards were selected to represent all the 10 zones using a systematic random sampling method. The total sample size of 26 001 individuals was selected as per sample size calculation, and the study was divided into three phases. 16 The objective of the present study was to look at the association of trunk and peripheral fat measurements, assessed by skinfold thickness, with parental history of diabetes among Asian Indian subjects without diabetes.
SUBJECTS AND METHODS Subject selection
Study subjects were recruited from CURES, an ongoing epidemiological study conducted on a representative population (aged ≥20 years of age) of Chennai, India. The detailed methodology is published elsewhere. 16 In brief, 26 001 individuals were recruited for phase I of the urban component of CURES conducted between 2001 and 2003, using a systematic sampling technique; subjects with self-reported diabetes receiving drug treatment for diabetes were classified as 'known diabetes subjects'. Details of sampling are given on our website (http://www. drmohansdiabetes.com, under the link 'Publications'). Brief details of the study are presented in figure 1 .
For this study, from phase I of CURES we included a total of 1454 subjects with normal glucose tolerance who had both family history and skinfold measurement data and categorised them as follows:
Parental history of diabetes
On the basis of the parental history of diabetes, the subjects were categorised as no parental history of diabetes, one parent diabetic or both parents diabetic groups.
Skinfold measurements
All measurements were taken in duplicate on the right side of the body with the subject lightly clothed. Measurements were taken to the nearest millimetre using Lange skinfold callipers (Cambridge Scientific Industries, Cambridge, Maryland, USA). The sites of measurement were biceps, triceps, subscapular, chest, suprailiac, mid-axillary, abdomen and mid-thigh using standard techniques. Two well-trained observers took the measurements for male and female subjects separately. The intraobserver mean error was 0.08 mm ( p=0.307) for skinfold measurements, and the interobserver mean error was 0.09 mm ( p=0.411), which were within the acceptable limits.
The skin was firmly grasped between the thumb and index finger of the left hand about 1 cm or 1/2 inch proximal to the skinfold site and was pulled away from the body. The calliper held in the right hand was placed perpendicular to the long axis of the skin with the calliper's dial facing up so that it was easily readable. The calliper tips were placed on the site of measurement about 1 cm or 1/2 inch distal to the fingers holding the skin, so that the measured value was not affected by pressure from the fingers.
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Triceps
The triceps skinfold thickness was measured on the posterior aspect of the right arm, midway from the lateral projection of the acromion process of the scapula and the inferior margin of the olecranon process of the ulna and over the muscle of the triceps.
Biceps
The biceps skinfold is a vertical fold on the anterior arm, directly opposite the triceps skinfold site and over the bump of the biceps muscle.
Chest
The chest or pectoral skinfold measurements were made using a skinfold with its long axis running from the top of the anterior axillary fold to the nipple. The skinfold thickness of the fat fold was measured 1 cm or 1/2 inch below the fingers along the axis.
Subscapular
The subscapular thickness was measured 1 cm below the inferior angle of the scapula, which was identified by gentle palpation of the lower end of the scapula with the subject standing with their arms by their side.
Mid-axillary
This was measured at the level of the right mid-axillary line where it is met by a horizontal line from the xiphisternum (at the bottom of the sternum where the xiphoid process starts). The subject was asked to stand erect with right arm slightly abducted and flexed (bent posteriorly).
Suprailiac
The region immediately above the iliac crest in the mid-axillary line was measured as the suprailiac skinfold.
Abdomen
The study subjects were asked to stand erect with their body weight evenly distributed on both feet. They were then asked to breathe evenly and relax their abdominal muscles. A horizontal fold of skin 1 cm below the umbilicus and 3 cm laterally (to the right) was then measured.
Thigh
The vertical skinfold in the anterior aspect of the thigh midway between the inguinal crease and the upper border of the patella in the midline was measured.
The inguinal crease was located by flexing the hip of the subject.
Medial calf
The point of maximum calf circumference was marked at the medial (inner) aspect of the calf. A vertical skinfold was grasped about 1 cm proximal to the marked site and measured at that site.
Trunk fat
Total trunk fat was calculated as the sum of chest, mid-axillary, suprailiac, subscapular and abdomen skinfold thicknesses.
Peripheral fat
Total peripheral fat thickness was calculated as the sum of biceps, triceps, medial calf and mid-thigh skinfold thicknesses.
Clinical data
Anthropometric measurements, including height, weight and waist, were obtained using standardised techniques. The BMI was calculated using the formula: weight (kg)/height (m 2 ). Blood pressure (BP) was recorded in the right arm in the sitting position to the nearest 2 mm Hg with a mercury sphygmomanometer (Diamond Deluxe BP Apparatus, Pune). The average of two consecutive readings taken at an interval of 5 min was used as the BP.
Biochemical data
A fasting blood sample was taken for estimation of plasma glucose and serum lipids after an overnight fast of 8 h. Fasting plasma glucose (glucose oxidase-peroxidase method), serum cholesterol (cholesterol oxidase-peroxidase amidopyrine method), serum triglycerides (glycerol phosphate oxidase-peroxidase-amidopyrine method) and high-density lipoprotein (HDL) cholesterol (direct method-polyethylene glycolpretreated enzymes) were measured using the Hitachi-912 Autoanalyzer (Roche Diagnostics/Hitachi, Mannheim, Germany). The intra-and inter-assay coefficients of variation for the biochemical assays ranged between 3.1% and 7.6%. Low-density lipoprotein (LDL) cholesterol was calculated using the Friedewald formula. Glycated haemoglobin was estimated by high-pressure liquid chromatography using a Variant Chromatograph (Bio-Rad, Hercules, California, USA). The intra-and inter-assay coefficients of variation of glycated haemoglobin were less than 10%. Insulin resistance was calculated using the homoeostasis assessment model (HOMA-IR) using the formula: fasting insulin (mU/mL) fasting glucose (mmol/L)/22.5.
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Data analysis
Details pertaining to demography and parental history of diabetes were elicited using a structured, pretested and validated interviewer-administered questionnaire. Total trunk and peripheral fat were derived, and their association with parental history of diabetes was analysed using statistical tests outlined below.
Statistical analysis
Summary measures were means for continuous variables and percentages for categorical variables. Analysis of variance for continuous variables and χ 2 for categorical variables were used to identify statistical significance. For variables that were not normally distributed (such as HOMA-IR), the non-parametric Kruskal-Wallis test was used to test the statistical significance. Logistic regression was used to present the point estimates and
CIs for association of individual variables with parental history of diabetes, using no parents with diabetes as the reference group. Linear regression models were used to assess the association of fat measurements with parental history of diabetes using fat measurement as the dependent variable and parental history of diabetes as a continuous, independent variable. The levels of parents having diabetes were treated as categorical predictors for table 1 and a continuous predictor (for the test for trend) in table 2. Relationships between adiposity measures and skinfold measurements were explored by partial correlations (Pearson product moment). p<0.05 was considered significant. All data were analysed using SPSS V.15.0 software.
Ethics committee permission
All procedures performed were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments. Institutional ethics committee approval from the Madras Diabetes Research Foundation was obtained before the start of the study, and written informed consent was obtained from all the study subjects.
RESULTS
Clinical and biochemical characteristics
Age-and gender-matched subjects were used for this study, with the result that 8.4% of subjects were excluded. The mean (SD) of the various clinical variables of the excluded subjects did not differ from that of those included. BMI ( p=0.023) and waist circumference ( p=0.003) were higher in the group in which both parents were diabetic compared with those with one diabetic parent and those with no parental history of diabetes (table 1) .
Trunk fat measurements are increased in subjects with parental history of diabetes
There was a linear increase in truncal (central) fat measurements according to parental history of diabetes. The mean values of chest (no parental diabetes: 13.6 mm; one parent diabetic: 14.3 mm; both parents diabetic:15.3 mm; p for trend 0.020), mid-axillary (19.2 mm; 20.5 mm; 21.6 mm; p for trend 0.005), Figure 1 Schematic representation of subject selection. ADA, American Diabetes Association; NGT, normal glucose tolerance. suprailiac (22.3 mm; 23.6 mm; 24.9 mm p for trend 0.014), subscapular (22.4 mm; 24.4 mm; 25.9 mm; p for trend <0.001) and abdomen (25.4 mm; 26.7 mm; 28.3 mm; p for trend 0.010) measurements were lowest in the no parent diabetic group followed by one parent diabetic, and highest in the both parents diabetic group (table 2) .
Peripheral fat measurements are not associated with parental history of diabetes
The levels of peripheral fat -that is, biceps, triceps, medial calf and mid-thigh regions-were measured in the three study groups. The fat measurements in the biceps ( p for trend 0.191), triceps ( p=0.100), medial calf ( p=0.164) and mid-thigh ( p=0.178) were not significantly different between the study groups (table 3) .
Total trunk fat but not peripheral fat is associated with parental history of diabetes
Total trunk and peripheral fat measurements were derived by summing the individual measurements. There was a linear increase in total trunk fat in the no parental diabetes group, followed by the one parent diabetic and both parents diabetic groups (no parental diabetes: mean 103 mm; one parent diabetic: mean 109.5 mm; both parents diabetic: mean 115.9 mm; p for trend 0.001). No such trend was observed in the case of peripheral fat measurements ( p=0.136).
Association of total trunk fat with BMI and waist
Total trunk fat showed a positive association with BMI (r=0.748, p<0.001) and waist circumference (r=0.776, p<0.001). Peripheral fat also showed a positive association with BMI (r=0.681, p<0.001) and waist circumference (r=0.569, p<0.001) (figure 2).
DISCUSSION
The major findings of the study are as follows. In non-diabetic Asian Indians, trunk fat, but not peripheral fat, is associated with a parental history of diabetes. Trunk and peripheral fat are also associated with other indices of obesity such as BMI and waist circumference.
Our findings thus show the value of measurements of skinfold thickness as an additional tool in clinical practice, as they provide a simple measure of trunk and peripheral fat distribution. Hughes et al 18 have suggested that, owing to its high sensitivity, skinfold thickness should be used to monitor obesity in children. Sosenko et al 14 have shown that subscapular skinfold thickness is more accurate than BMI in screening for type 2 diabetes. They also showed that subscapular skinfold thickness Values are presented as mean (SD) except for gender, which is given as n (%).
Comparison of groups was made using analysis of variance for normal data and the Kruskal-Wallis test for non-normal data. The comparisons are OR (95% CI). HDL, high-density lipoprotein; HOMA-IR, homoeostasis model assessment of insulin resistance; LDL, low-density lipoprotein. Fat measurements are in mm presented as mean (SD). Linear regression model was used to assess the association of fat measurements with parental history of diabetes; values are presented as coefficient and 95% CI.
along with postprandial blood glucose levels can predict impaired glucose tolerance better than BMI and waist-to-hip ratio. Furthermore, they highlighted that a clear demarcation between transient and persistent glucose intolerance could be made by the addition of subscapular skinfold thickness measurement to the standard oral glucose tolerance test (OGTT) measurement. 14 The Amsterdam Growth and Health Longitudinal Study has shown that high body fat in middle age can be better predicted using skinfold thickness than BMI measured at baseline during adolescence. 19 One of the disadvantages of skinfold thickness measurement is that exposure and touching of the skin can produce some degree of discomfort in some subjects. The need for well-trained anthropometrists and careful fat measurement using callipers are some of the inherent disadvantages of the use of the technique in a busy clinical practice. A Japanese study by Kagawa et al 20 also showed that reliable patterns of fat distribution can be obtained if skinfold measurements are taken by trained technicians.
Earlier studies have shown that the association between regional fat deposits, total adiposity and type 2 diabetes is influenced by family history of diabetes. 21 Some studies have established that the association between family history of diabetes and the risk of type 2 diabetes can be largely explained by excess adiposity. 22 Further, a synergistic association between family history of diabetes and abnormal waist-to-hip ratio and the incidence of type 2 diabetes has been reported in a Chinese study. 23 Hence we sought to determine the association of family history of diabetes with adiposity measurements using skinfold thickness; total trunk and peripheral fat measurements were derived by calculating the sum of trunk and peripheral skinfolds. It was found that trunk fat increased linearly according to diabetes status and a positive parental history of diabetes, whereas peripheral fat did not show such a trend. This corroborates our previous findings that visceral fat measured using CT increased with increasing degree of glucose intolerance, whereas subcutaneous fat did not. 24 Our study results also demonstrated a good correlation of trunk fat and peripheral fat, measured by skinfold thickness, with BMI and waist circumference. Addo et al 25 showed that fat estimations using skinfold measurements such as subscapular and triceps thickness correlated fairly well with estimates of body fat obtained using DEXA. These findings are in agreement with studies using other indices of central and peripheral obesity that have shown a significant association between family history of diabetes and adiposity. 26 In a 20-year longitudinal study, it was found that excess adiposity could explain a large part of the association between the risk of type 2 diabetes and family history. 22 In a population of Hispanic children with a family history of diabetes, visceral fat was found to be associated with an increased risk of type 2 diabetes. 27 The mechanistic links connecting family history and adiposity in subjects with type 2 diabetes are largely unclear. However, there are some reports that implicate the role of some genetic variations that connect family history of diabetes with adiposity. 28 It is also entirely possible that environmental factors-for example, decreased physical activity and/or unhealthy diet-may be familial and thus explain the link between family history of diabetes and adiposity index.
The study has several limitations. First, because of its crosssectional nature, causality cannot be established. Second, while the skinfold measures show a good correlation with BMI and waist circumference in this study, we did not use gold standard measures such as DEXA. It is possible that, due to multiple testing, type 1 and type 2 errors might have resulted. However, it is unlikely that these affected the results or conclusions drawn. The strength of the study is that it includes a large sample representing urban India and that there are no such studies in our population.
Future work should focus on the association between skinfold thickness and other measurements of fat including DEXA and MRI. The skinfold measures should also be further validated separately in male and female subjects as the sexes tend to have distinct distributions of body fat.
In conclusion, a robust association between trunk fat, measured by skinfold thickness, and parental history of diabetes is reported, but no association with peripheral fat was found.
Main messages
▸ Trunk fat is associated with a parental history of diabetes. ▸ Peripheral fat is not associated with parental history of diabetes. ▸ Both trunk and peripheral fat are associated with other indices of obesity including body mass index and waist circumference.
Current research questions
▸ What is the association between skinfold thickness and gold standard measurements of fat (DEXA and MRI)? ▸ Is there a link between parental diabetes and abnormalities of glucose and lipid metabolism among the offspring? ▸ What is the place of skinfold measurements of fat in clinical practice?
